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To present alternatives to existing vaccines for the prevention of infectious respiratory diseases in adults, with their recommendations, adverse effects and contraindications.
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introDuction
Despite the large advancements in Public Health resulting from immunization, there are still deaths or illness caused by diseases that could be prevented using vaccines.
Vaccination, initially focused exclusively on the child and adolescent range, was extended to all ages. The adult and elderly immunization schedule of the National Adult and Elderly Vaccination Program from the Ministry of Health (MH) is presented below (Table 1) , and includes some of the vaccines, such as hepatitis and yellow fever immunization, since the focus is on the prevention of respiratory diseases in adults and the elderly. (2) Adult diphtheria and tetanus vaccine
One dose every ten years Diphtheria and tetanus
Yellow fever (3)
Yellow fever vaccine (attenuated)
One dose every ten years Yellow fever
Triple vaccine (MMR) ( 
4)
Measles, mumps and rubella vaccine
Single dose Measles, mumps and rubella 60 years or more
Hepatitis B (1) (vulnerable groups)
Hepatitis B vaccine (recombinant)
Three doses Hepatitis B Yellow fever (3) Yellow fever vaccine (attenuated)
Seasonal influenza (5)
Influenza vaccine (fractional inactivated)
Annual dose Seasonal influenza The vaccines used in adults for the prevention of infectious diseases include four diseases with a high level of invasiveness and morbidity, which contribute to increasing mortality in our patients.
23-valent pneumococcal (Pn23)
(
-Vaccine against the influenza virus 2 -Vaccine against pertussis 3 -Vaccine against tuberculosis 4 -Vaccine against Streptococcus pneumoniae
is there a benefit to the use of flu vaccines? Flu symptoms are mostly caused by the influenza virus, notably types A and B, the latter on a lower scale. The high rate of mutation of the virus' antigenic structure contributes to increasing the annual incidence of the disease at determined times of the year, and justifies the need for annual vaccination, since the protection given by the flu vaccine is temporary 3 (B). Cases of flu used to occur at cold times of the year. In the north region of Brazil, they occur mostly in the rainy period, which coincides with the winter in the Northern Hemisphere (December to February). In the other regions of the country, the peak incidence occurs between May and August. This variability continually challenges the immunological system to carry out its defensive role against the aggression of new variants of the virus circulating in the community. The incidence of hospitalization owing to complications resulting from influenza is 0.8 (CI 95% 0.1-1.15) per 1000 people/year in the age range 18-49 years, and 1.06 (CI 95% 7.5-13.6) per 1000 people/year in patients over 65 years 3 (B). Aware of this information, specialists coordinated by the US Centers for Disease Control (CDC) and the World Health Organization (WHO) met to decide, based on data derived from sentinel laboratories spread all over the world, on the composition of the flu vaccine to be given from May to October in the Southern Hemisphere and from November to April in the Northern Hemisphere 1.4-6 (D). The vaccine used in Brazil is the trivalent type, with inactivated fragmented viral particles 7 (D), with a recommended adult dose of 0.5 mL intramuscularly in the deltoid region.
Inactive seasonal flu vaccines have been used since 1940 8 (D). The vaccine is inactivated using formaldehyde, uses thimerosal as a preservative and is produced by viral growth in embryonated chicken eggs. Given the greater power of mutation of type A, the composition of the vaccine normally contains two antigenic variants of type A and one variant of type B. There is a benefit to the use of inactivated trivalent vaccine in relation to the attenuated vaccine. The inactivated form leads to a higher num-ber of serum antibodies and there is a tendency for a lower number of vaccine reactions (0.5% versus 0.8%), but with no significant differences. Patients immunized with inactivated vaccine that subsequently develop flu symptoms have lower fever intensity 9 (B). The vaccine is formally contraindicated for individuals allergic to eggs or egg derivatives or who have presented allergies to previous doses. For patients with previous diagnosis of Guillain-Barré syndrome, the use of the vaccine should be studied carefully 8 (D). There is also voluntary refusal of the vaccine, even in patients considered as high risk 10 (B). In general, the use of inactivated vaccine is well tolerated, few collateral effects being described. Pain in the vaccination site is the most frequent adverse effect, potentially reaching 46% of injections. Low intensity fever and light systemic symptoms such as fatigue (24%) Health professionals, especially those operating in newborn, pediatric, geriatric and oncology units should also be vaccinated 27 (D). Only in september of 2011, the use of the anti-pertussis vaccine in patients aged over 65 years was cleared by the U.S. Food and Drug Administration (FDA) 27 (D), as well as for patients with special clinical conditions such as chronic pneumopathy, heart disease, diabetes, HIV or other immunodeficiency conditions, chronic liver diseases, chronic alcoholism, asplenia and kidney failure. It is known that the morbidity of the disease is higher in these groups 26--28 (D). Reinforcement with dTpa or dTpa-IPV induces a better immunological response in adults between 55 and 64 years of age than those aged over 65, with a larger population and greater follow-up time necessary to evaluate the results in the latter population 29 (B). Some studies are evaluating the safety and importance of vaccination in pregnant women. The Brazilian Immunization Association (SBIm) and the Advisory Committee on Immunization Practices in the USA (ACIP) suggest for the vaccine to be given after the 20th week of pregnancy, or post-partum, if the mother has not been vaccinated previously, while there is no clearance on the vaccines for this specific group 30.31 (D). The vaccines are effective and immunogenic, and various studies have shown satisfactory antibody production response at the booster dose. This data may be correlated with an effective clinical protection response against whooping cough 32 (A) 25 
(B).
In 2004, after some provinces in Canada introduced dTpa with a fifth component (Haemophilus influenzae type B) in adolescents between 14 and 16 years, an important reduction of 84% was observed in the disease in this age range, as well as groups with a lower age range, due to the probable effect of herd immunity 33 
In the same year, Australia introduced a booster with dTpa for adolescents between 15 and 17 years. However, owing to the elevated incidence of the disease in adolescents, some states such as New South Wales expanded the age range of the immunization program to 12 to 17 years and noted an effectiveness of 78% (CI 95% 60.7-87.6) 33 (B), that is, the disease was reduced from 124 to 40.4/100,000 34 (B). It was therefore shown that the booster dose could be used as an effective tool to control the disease 32 (A) [33] [34] [35] (B). In relation to the adverse effects of anti-pertussis vaccines for adults, there is a very similar safety profile to that observed in the dT vaccine, which is widely used in the national immunization program 2 
(D). The most
All of the vaccines have aluminum phosphate adjuvant and 2-phenoxyethanol and polysorbate 80 excipients. The vaccines may contain traces of neomycin, streptomycin, polymyxin B, glutaraldehyde and formaldehyde [19] [20] [21] (D). They are presented in the form of a suspension, in single dose syringes of 0.5 mL, ready to use [19] [20] [21] (D). It is recommended for booster vaccination against diphtheria, tetanus and whooping cough 19-21( D), as between the decades of 1970 and 1980 there were resurgences of whooping cough in various parts of the world 24 (B), resulting from the low presence of antibodies for these diseases in individuals over 40 years, even in patients that completed the full basic vaccination scheme 25 (B). Brazil, like the whole of Latin America, has maintained the certificate granted by the WHO for eradication of the poliomyelitis virus 1.6 (D). Administration should be intramuscular, preferably in the deltoid muscle, and may be applied from the age of 11 years, that is, the vaccine may be given to adolescents, adults and the elderly [19] [20] [21] [22] (D). The recommended vaccination schedule depends on three situations of the vaccine status.
1º If the basic vaccination scheme is complete -substitute the booster dose of dT with dTpa or dTpa-IPV. If the individual has already received the booster dose with adult diphtheria or tetanus or adult double bacteria (dT), there is no need for an interval of the dose with dTpa or dTpa-IPV as a booster for the diseases not covered in the dT 26 (D); 2º If the basic vaccination scheme is incomplete (one or two doses of the tetanic component received over the lifespan) -complete the scheme of 3 doses by applying:
• One dose of dTpa or dTpa-IPV if there are two previous doses of the tetanic component 22 (D); • One dose of dTpa or dTpa-IPV and, after a minimum interval of 2 months, another dose of dT, if a previous dose of the tetanic component was received 22 (D). 3º If the vaccination scheme has not been carried out or is unknown -proceed with vaccination at an interval of 0, 2, and 6 months. With the first dose of dTpa or dTpa-IPV and subsequent doses with dT 22 (D). In special situations, the interval between the 1st and 2nd doses may be reduced to 1 month, between the 2nd and 3rd doses, maintain the interval of 6 to 12 months 27 (D). The vaccination against whooping cough is especially recommended in adults that live with or care for infants aged less than one year, given they are the main transmitters of Bordetella pertussis to this group 22 (B) . It should be remembered that Brazil has maintained the eradication of the poliomyelitis disease for years 1.6 (D) and, as the effective clinical protection of anti-pertussis vaccines is against whooping cough . In Brazil, the Ministry of Health has recommended the BCG revaccination of the 6-to 14-year population since 1994. Nevertheless, studies on BCG revaccination (including in Brazil) has not shown protection by the second dose against tuberculosis in revaccinated adolescents 38.41-44 (B) 45 (C). BCG revaccination has been studies both in populations with persistent protective effects as well as those where the protective effects was lost, with no differences between the groups. The incidence of tuberculosis was 16.5 and 12.9 per 100,000 people/year in vaccinated and revaccinated people respectively, without significant differences, as the reduction of the risk upon revaccination had RR = 1.28 with CI 95% 0.92-1.77 39 (B). In Brazil, the incidence of tuberculosis between those vaccinated according to the usual calendar and those revaccinated is greater without the booster, but maintains the absence of benefit, with 29.3 versus 30.2 per 100,000 people/year, with RR=0.94 and CI 95% 0.76-1.28 41 (B). It would be necessary to immunize 4963 people to avoid the development of one case of tuberculosis, therefore, there is no adequate cost-benefit relationship 40 (B). Thus, in 2006, the Ministry of Health recommended the suspension of BCG revaccination. It is also not recommended to revaccinate the indigenous population. Therefore, in adults, only those in contact with leprosy should be revaccinated, and, even then, only once 1 (D). Currently in Brazil, the only recommendation in adults relates to household contact with leprosy patients 38 (B). The possibility of a secondary vaccination of BCG for those with HIV is still being evaluated, with the benefits yet to be proven 42.44 (B). The dose and frequency of application is two doses of 0.1 mL each, with a 6 month interval between them.
Each 0.1 mL dose of reconstituted intradermic BCG vaccine contains:
The adverse effects of the application of BCG vaccine are rare and generally occur due to incorrect application, such as too deep or using an excessive dose of the immunobiological component. In up to 10% of people vaccinated the formation of an ulcerate lesion occurs, which may take months to heal completely. Other presentations include abscess at the injection site and floating nodes with fistulization, osteitis, osteomyelitis, and generalized infection may possibly occur. Serious allergic reactions (anaphylaxis) are rare.
Recommendations
The BCG is recommended for newborns and infants aged up to one month at two doses of 01. mL, at 6 months intervals.
The BCG vaccine has few adverse effects, generally resulting from incorrect application. Currently in Brazil, the only recommendation for adults relates to household contact with leprosy patients 38 (B).
Which pneumococcal vaccines are available in brazil?
There are currently two types of vaccine employing different technologies. The first type of vaccine is the 23-valent polysaccharide (VPPS-23) vaccine, an unconjugated formulation that has antigens to the walls of 23 serotypes. These are responsible for around 90% of the strains implicated in invasive pneumococcal disease (IPD), and the vaccine was developed primarily for use in adults 46 (D). The second type available uses a carrier protein conjugated to the vaccine's polysaccharide antigens, and is therefore denominated a conjugate vaccine. This combination increases the immunogenic effect and duration of the immunological memory, providing longer lasting protection. Two new formulations conjugated with antigens of 10 (PCV10) 47 (D) and 13 (PCV13) 48 (D) serotypes were approved in Brazil for the prevention of IPD in children aged up to two years of age (PCV10) and children aged between two months and six years (PCV13). PCV13 has already been approved for use in adults in the European Community and some countries in Latin America, and was cleared by the FDA in September 2011, and by the ANVISA, in Brazil, in 2013.
The polysaccharide vaccine is widely used in adults and the elderly. It produces a short immune response with low permanence for the production of antibodies, mainly after 65 years of age 49 (B). In some specific populations, revaccination was attempted five years after the first dose, without satisfactory results, as the improvement in the level of antibodies is transitory, with possible hyporesponsiveness 50.51 (B). While conjugate vaccines are habitually used in children less than 2 years old, they may also be applied in adults, stimulating the immune response with the production of antibodies with better memory effects.
Recommendation
In Brazil, there are two types of pneumococcal vaccines: the polysaccharide vaccine 46 (D), and the conjugate vaccines 47.48 
(D).
What is the importance of s. pneumoniae as a cause of serious respiratory Disease? S. pneumoniae or pneumococcus is a Gram positive bacterium, generally encapsulated, that is present in pairs or short chains in the form of a spear. There are approximately 92 immunologically distinct serotypes capable of leading to various diseases. Of these 92 serotypes, 20 are responsible for 75% of invasive infections.
Pneumococcal infection is classified either as carrier state, noninvasive disease (NID) -localized purulent infection, such as sinusitis, otitis media, conjunctivitis and nonbacteremic pneumonia -or Invasive Pneumococcus Disease (IPD) -pneumonia with bacteremia, bacteremia, meningitis, and endocarditis, which also constitute the forms of presentation in adults and the elderly 52 (B). S. pneumoniae is the most frequent agent in community-acquired pneumonia (CAP), varying between 35 and 50% of the cases, ahead of H. influenzae, M. pneumoniae, C. pneumoniae, Legionella sp, respiratory viruses and enterobacteria. As in other parts of the world, S. pneumoniae is also the most common agent for CAP in Latin America (35%). The mortality rate for CAP increases progressively from the age of 60 years, reaching levels 10 times higher than for children less than one year old among individuals aged over 80 years 53 (D). IPD has a high morbidity and high mortality rate. Even with pneumococcus vaccination administered to the elderly, there are cases of pneumonia, sometimes complicated with empyema, bacteremia without a defined focus, meningitis, spontaneous bacterial peritonitis, septic arthritis, endocarditis and osteomyelitis. There is also the possibility of a patient having associations with the aforesaid conditions. Mortality within 30 days is 16% and does not depend on the person being vaccinated or not 54 (B). The IPD rate changed significantly after the use of conjugate vaccine 7 (PCV7) in children under 5, falling from 252 cases per 100,000 people/year (1991) (1992) (1993) (1994) (1995) (1996) (1997) (B) . However, the same fact did not occur with the use of pneumococcus vaccine (VPPS-23) in adults, remaining at 60 cases per 100,000 people/year in the first period and 78.9 cases per 100,000 people/year in the second period 55 (B). The IPD rate in those aged over 65 years is estimated at 23 cases per 100,000 people/year; however, this increases to 460 cases per 100,000 people/year if the elderly present neoplasms as comorbidity 57 
(B).
Considering the substantial morbidity and high rate of early mortality from IPD in adults, work evaluating pneumococcus vaccination defines it as cost effective 58.59 (B).
Recommendation S. pneumoniae causes disease in the respiratory tract, such as high infections (sinusitis and otitis) and pneumonia. It can also lead to meningitis, bacteremia and sepsis. Its capacity for invasiveness produces IPD, which has high morbidity and mortality 54.58,59 (B).
What are the recommenDations for the pneumococcus vaccine? The current recommendation for pneumococcus vaccination by the CDC includes 60.61 (D):
• all adults aged 65 years or older;
• any person aged from 2 to 64 years with a chronic diseases, such as cardiac or pulmonary diseases, sickle cell anemia, diabetes, alcoholism, cirrhosis of the liver, cerebrospinal fistula, or cochlear implants; • any person between 2 and 64 years of age with immunosuppression conditions such as Hodgkin's disease, lymphoma or leukemia, kidney failure, multiple myeloma, nephrotic syndrome, HIV infection or AIDS, asplenia or splenic disease and organ transplant; • any person between 2 and 64 years of age that uses immunosuppressant drugs, such as long term corticosteroid, drugs used in the treatment of cancer, and radiotherapy; • adults between 19 and 64 years that are smokers or have asthma; • long-term residents of nursing homes and institutions.
In April, 2013, a new indication of the 13 valent conjugate vaccine was released in Brazil for healthy adults over 50 years. In Brazil, as well as in other locations in the world, vaccine coverage against pneumococcus is still not widely used in clinical practice [62] [63] [64] [65] [66] [67] (B). The use of electronic reminders for all patients over 65 years could increase the prescription of the pneumococcus vaccine from 13.1 to 19.5% 68 (B). Another way of increasing the prescription of the vaccine is not to miss the opportunity to vaccinate patients hospitalized for chronic diseases 63 (B).
Recommendation
Pneumococcus vaccines are recommended for the prevention of pneumococcal diseases, especially IPD, in specific groups of adults 60.61 (D). Programs are required to clarify the importance of the uses of these therapeutic resources to increase the coverage of the vaccine in the population 63.68 (B).
are there Differences betWeen polysacchariDe anD conjuGate pneumococcus vaccines? The 23-valent polysaccharide vaccine (VPPS-23) presents low immunogenicity in children less than two years old, and does not induce immunological memory as a result of not sensitizing the T cell (T-cell independent activation) 69 (D). Conjugate vaccines include polysaccharides conjugated to a carrier protein and therefore have greater immunogenic effect, longer immunological memory and provide longer lasting protection. However, having used a polysaccharide vaccine previously reduces the benefits achieved with the conjugate vaccine 70 (B). For example, as of 2000, the use of the PCV7 vaccine in children less than nine years old resulted in a significant reduction of IPD among vaccinated (direct effect) and unvaccinated individuals of all ages, particularly patients aged over 65 years (herd effect). Two new formulations conjugated with antigens for 10 (PCV10) and 13 (PCV13) serotypes were recently approved in the USA and Brazil for the prevention of IPD in children aged up to two years (PCV10) and children between two months and six years old (PCV13) 69 (D). The PCV13 was also approved for adults over 50 years.
The general effectiveness of VPPS-23 is 74% (CI 95%, 56%-85%), according to randomized studies, and 52% (CI 95%, 39%-63%), according to observational studies 71 (D). However, its effectiveness in elderly individuals is inferior to that observed in healthy adults 72 74 (B) and the use of VPPS-23 has not been associated with a lower mortality rate in the vaccinated group (OR=0.87 with CI 95% 0.69-1.10) 73 (A). The duration of the immune response to VPPS-23 declines with time and age (over 65 years), with the levels of antibodies reaching pre-vaccination levels after 4 to 7 years 50.51 (B). The benefit of revaccination was demonstra-ted in adults under 65 years, with tolerance or hyporesponsiveness possibly occurring 50.51,75 (B). We still need robust trials that define the benefits of new conjugate vaccines for adults and the elderly 71.76 (D) . Pneumococcal vaccination in adults is safe, with few reports of adverse events associated with the injection (transitory pain and redness) and light systemic symptoms such as fever and myalgia, which persist for less than 48 hours. It is not recommended for pregnant women 57 (B).
There are differences between polysaccharide and conjugate pneumococcus vaccines. Conjugate vaccines produce a longer lasting and more intense immunological response than non conjugate vaccines 70 (B). VPPS-23 significantly reduces IPD, but up to now, it has not demonstrated a reduction in the amount of pneumonia or mortality 73 (A) 74 (B), with less benefits for patients over 65 years old 71.76 (D). There is no benefit in revaccinating adults less than 65 years old, as this may cause tolerance or hyporesponsiveness. There is also discussion about the recommendation fro patients with reduced immunity 50.51,74 (B). Pneumococcus vaccination in adults is safe, with few reports of adverse events, but is not recommended for pregnant women 57 
(B).
What is the Dose anD application methoD of the pneumococcus vaccine? The polysaccharide vaccine should be applied in a single dose of 0.5 mL intramuscularly or subcutaneously 46 (D). A booster after five years is suggested in patients with reduced immunity, but there is discussion about this recommendation, as studies show a lower antigenic effect after use of the booster dose. The conjugate vaccine PCV13 for adults should be applied in a single dose of 0.5 mL, intramuscularly
is there a benefit to combineD vaccinations for the prevention of infectious respiratory Diseases in aDults? Studies on the combine used of flu and pneumococcus vaccines in patients with chronic diseases are common.
Flu and pneumococcus vaccinations are recommended in the Brazilian and global guidelines for heart failure [77] [78] [79] (D), as respiratory infections are the third main cause of hospitalization for decompensated heart failure 77.78 (D). Also, there is an association between respiratory infections and increased risk of cardiac ischemia 80.81 (B) and strokes 82 (B). These two vaccinations reduce respiratory infections, hospitalizations and acute cardiovascular events 63 (B). In order to assess the benefit of 23 polyvalent pneumococcal vaccine in patients with chronic obstructive pulmonary disease (COPD), the number of exacerbations and pneumonia as well as mortality was assessed. There were no significant differences in the number of exacerbations between those vaccinated and unvaccinated (OR=0.58 with CI 95% 0.30-1.13), as well as the number of events of pneumonia (OR=0.72 with CI 95% 0.51-1.01). The evaluation of mortality for all causes within 48 months of vaccination or mortality due to cardiorespiratory causes had no significant differences, either (OR=0.94 with CI 95% 0.67-1.33 and OR=1.07 with CI 95% 0.69-1.66, respectively) 83 (A). The 23 polyvalent pneumococcus vaccine does not change the frequency and severity of infectious exacerbations in patients with bronchiectasis 84 (B). Asthmatic patients present a lower number of specific antibodies after vaccination in relation to non-asthmatics, which keeps them at a high risk of developing IPD, mainly if they depend on corticoids 85 (B). Using flu vaccine in patients with COPD does not cause adverse reactions, does not lead to exacerbation, does not worsen pulmonary function and the symptoms of dyspnea, and does not increase the restriction on exercise, regardless of any level of obstruction in the air flow 86 (B). Patients with COPD should receive vaccination against influenza 87-89 (B), which reduces mortality in 41% of cases 89 (B). There is a benefit to the combined use of flu and pneumococcus vaccines with the reduction of hospitalizations, pneumonia and mortality [90] [91] [92] (B), though the reduction in mortality is influenced more by the protection of the flu vaccine 89.93 (B). The use of PCV7 has led to a reduction in the IPD rate in children under 5 with sickle cell anemia, with a reduction in IPD in 93.4% of cases. Before this vaccine (1995 -1999) there were 2044 cases per 100,000 people/year and, after the introduction of the vaccine (2001) (2002) (2003) (2004) , this number fell to only 134 cases per 100,000 people/year. This benefit was not found for age ranges other than that described, as there were no significant differences in the IPD rate in patients over 5 after use of the conjugate vaccine (161 to 99 cases in 100,000 people/ year, with p=0.36) 94 96 (B). Patients splenectomized due to hematologic malignancies respond worse to the polysaccharide pneumococcus vaccines compared to those splenectomized due to trauma, and require closer monitoring 97 (B). Given that smoking is associated with an increased risk of respiratory infections, with populations of smokers, former smokers and nonsmokers have been studied to evaluate adherence to the use of flu and pneumococcus vaccines. Former smokers have a 17% greater change of using flu vaccines than nonsmokers (OR=1.17 with CI 95% 1.12-1.22) and a 32% greater chance of using pneumococcus vaccine than nonsmokers (OR=1.32 with CI 95% 1.24-1.41). Current smokers use these therapeutic resources less (OR=0.75 with CI 95% 0.71-0.80), but should be encouraged to receive the prevention of vaccines and stop using tobacco 98 (B). The real benefit of using the pneumococcus vaccine in those with acquired immunodeficiency syndrome is no yet known 99 (B), as the only randomized clinical trial demonstrated that there was no increase in antibodies after vaccination, whether polysaccharide or conjugate 100 (A). Likewise, there is debate regarding the use of the vaccine in alcoholics, as there are reported cases of death from streptococcal sepsis after vaccination 101.102 (C). There are no studies in adults using pneumococcus vaccines in those with CFS leak syndrome, only in children 103 (B).
Recommendation
There are benefits in using combined vaccines, as immunization with flu and pneumococcus vaccines reduces hospitalizations, respiratory infections and cardiovascular events in patients with heart disease 63 (B); and hospitalizations, pneumonia and mortality in those with CO-PD [90] [91] [92] (B). The association between vaccines for Haemophius influenzae B and and pneumococcus reduces the cases of IPD by 5% in patients with asplenia or those splenectomized for all reasons 96 (B), with a worse response for those splenectomized due to hematologic malignancies 97 (B). 
